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STUDIES WITH STAPHYLOCOCCUS BACTERIOPHAGE
I. THE PREPARATION OF POLYVALENT STAPHY-
LOCOCCUS BACTERIOPHAGE*
MORRIS L. RAKIETEN
The preparation of staphylococcus bacteriophage for investigative
purposes and for clinical use is being carried out in many research
and commercial laboratories. The reports from these various
sources regarding the results obtained with such preparations are far
from uniform. Among the reasons for such discordant results is
the fact that a method leading tothe preparation of a potent bacterio-
phage is not generally followed. Thus, when the result of thera-
peutic application is disappointing, the basic principle is assumed to
be faulty. In reality in many cases what is supposed to be bacterio-
phage is a preparation no more effective than nutrient broth as far
as lytic action is concerned. This fact may account for some of
the differences in the results reported by clinicians.
The problem of bacteriophagy and especially the-preparation of
staphylococcus bacteriophage is not a simple one; it is as important
to study the organism as it is the action of the bacteriophage.
Furthermore, all strains of bacteria are not suitable for the produc-
tion of bacteriophage for clinical use.
In view of the importance of making use, in clinical studies, of
potent preparations, it is deemed advisable to report the method of
preparing staphylococcus bacteriophage in this laboratory, and some
of the phenomena observed in its preparation. This method is, in
general, the one which is employed in Le Laboratoire du Bacterio-
phage by d'Herelle and his assistants Sertic and Bulgakov.
Source of the Bacteriophage
Although widely used, sewage and stool filtrates are not the
best sources of staphylococcus bacteriophage. Nevertheless, occa-
sionally one may isolate a very active phage from sewage. As is
well known raw sewage is an excellent source of bacteriophage for
bacteria of the coli-typhoid group. More fertile sources ofstaphylo-
coccus bacteriophage may be found in freshly isolated staphylococcus
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cultures from cases of chronic infection, such as acne, osteomyelitis,
furunculosis and sinusitis. The majority of staphylococci found in
these infections have a bacteriophage associated with them. Nearly
all these bacteriophages are weak, and before they have any value
in investigative, and especially in clinical, work their virulence
should be increased. Repeated contact with the homologous strain
or against new strains of staphylococci is the best method of increas-
ing the potency of a bacteriophage. However, even this method is
not always effective with many of these weak phages. They remain
weak in spite of all attempts to strengthen them.
For general purposes it is best to use a staphylococcus bacterio-
phage which has been developed in a laboratory specializing in the
production ofthis principle. Our best staphylococcus bacteriophage,
obtained from d'Herelle's laboratory, is a very stable, highly poly-
valent bacteriophage and possesses the capacity to lyse many strains
of staphylococci which have resisted races of bacteriophage from
other sources. No antiseptics are used in its preparation. In its
development, this bacteriophage has come into contact with hundreds
of strains of saprophytic and pathogenic staphylococci.
Bacteria
A polyvalent staphylococcus bacteriophage ought to be exposed
frequently to freshly isolated strains of staphylococci in order to
insure its becomingadapted to strains other than thosewhich are used
principally in its production. In order to be certain that the bac-
teriophage will attack stock strains with the same vigor as it did
originally, these cultures should be maintained in as near their origi-
nal state of susceptibility as possible. Daily transfer by means of
broth cultures of bacteriophage-susceptible staphylococci may render
them partially or completely resistant after a few such transfers.
Susceptible strains of bacteria preserved on agar slants in the ice-box
retain their susceptibility to bacteriophage for long periods of time.
Only when more bacteriophage for this strain is desired is a fresh
24-hour culture made and exposed to the action of the phage.
A better method ofpreservingsusceptible bacteria in as near their
original form as possible is that employed by Sertic. A three- to
five-hour broth culture of a freshly isolated, susceptible strain is
incorporated in a semisolid gelatin-broth medium which is then dis-
tributed into sterile ampoules, sealed, and kept in the ice-box. In
this medium and at ice-box temperature the rate of bacterial metab-
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olism is very low, and examinations of these strains after six months
show them to be as susceptible to the bacteriophage as originally.
This method is particularly suitable for large-scale production of
bacteriophage, where frequent recourse is made to susceptible strains
for the production of phage for clinical use.
Staphylococci isolated from cases of acute infection are more
likely to be bacteriophage-susceptible than are those strains recovered
from chronic cases. Very frequently the latter are only partially
lysed, and occasionally one finds an organism that appears completely
resistant. Some of these resistant strains are not homogeneous but
consist of organisms that produce more than one type of colony. A
bacteriophage developed against one type of colony will often cause
lysis of the "mixed strain" when it is exposed to the action of the
bacteriophage. A study of the culture under consideration may
prove more valuable than the routine filtrations carried out by many
in an attempt to produce an active filtrate against a seemingly
resistant strain.
Medium
Practically all strains of staphylococci will grow on the simple
laboratory media without the addition of such substances as blood,
serum, or ascitic fluid. It has been found that the addition of any
of these substances to a medium decreases, and in some instances
inhibits entirely, the action of a bacteriophage. The reason for this
is not yet well understood.
Such disturbing factors may be avoided by the use of a medium,
now employed in this laboratory, which is suited to all strains of
staphylococci and bacteria belonging to the coli-typhoid group and
which supports the growth of some strains of streptococci. It is
simple to prepare, does not contain peptone and is inexpensive. It is
composed of:
Savita (yeast extract)* .................. 10 gms.
Sodium chloride .............. 5 gms.
Water .............. 1000 cc.
In its preparation the Savita is emulsified in a small amount of
water and added to the sodium chloride and water. When the yeast
extract is completely dissolved the reaction is adjusted to pH 8.2.
The medium is autodaved at 15 to 20 pounds for 20 minutes and
filtered through paper. During the period of autoclaving the reac-
* Prepared by the Battle Creek Food Co., Battle Creek, Mich.
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tion changes from pH 8.2 to approximately pH 7.5. The medium
is finally sterilized at 10 pounds for 10 minutes. The resulting
product is a clear, amber-colored medium in which the growth of
staphylococci may be detected within a period of from three to seven
hours at temperatures ranging from 300 to 370 C. The addition of
agar (1-1.5%) to this base gives an excellent solid medium. All
of our strains of staphylococci, dysentery, coli and some strains of
streptococci have been kept on this medium at ice-box temperature
for many weeks without any apparent effect on the bacteria.
For the cultivation of streptococci, pneumococci, and meningo-
cocci we employ a Savita-phosphate-peptone medium. This has the
following composition:
Savita ......... 10 gms.
Peptone ......... 10 gms.
Sodium chloride ......... 2.5 gms.
Water ......... 1000 cc.
Na2H P04 ..................8 gms.
The previously emulsified Savita is added to the peptone, salt
and water, and when the mixture is entirely dissolved the reaction is
adjusted to pH 7.5. The phosphate is then added and the medium
autoclaved at 15 pounds for 15 minutes. After filtration through
paper it is sterilized at 10 pounds for 10 minutes. The addition of
the phosphate prevents any change in the reaction of this medium
during the process of autoclaving. Growth of pneumococci, menin-
gococci and streptococci may be observed in this medium within a
period of 24 hours at a temperature of 34° C. Bacteriophagy takes
place very readily in these media. It is not unusual to observe com-
plete clearing of a culture of staphylococcus within a period of from
four to seven hours. The contrast between the clear broth of the
lysed culture and the turbid control is striking and all gradations
from complete clearing to marked turbidity may be read easily.
All filtrations are carried out by the use of L5 Chamberland
candles. Each candle is heated to red heat in a muffle furnace before
it is mounted and sterilized for use.
For the past several months we have been engaged in making
staphylococcus bacteriophage for investigative work and for clinical
use for a group of clinicians interested in the treatment of staphylo-
coccus infections. Obviously a bacteriophage prepared for clinical
use should be a highly polyvalent one and in addition should be free
from contamination and incapable of yielding secondary growth.
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As evidence of the importance of applying a suitable method and
of exercising due care in the preparation of bacteriophage it is perti-
nent to record the results of tests made upon four commercial
preparations designed for clinical use. Three of these were in broth
and one was incorporated in a semisolid medium. Ten strains of
staphylococci were used as test organisms.
Fresh broth cultures* were prepared from stock agar-slant cul-
tures of staphylococci and incubated for 20 hours at 330 C. One
drop (0.05 cc.) of each of these broth cultures was inoculated into a
series of tubes of Savita broth. Five drops (0.25 cc.) of each of the
broth commercial bacteriophages, as well as one prepared in this labo-
ratory, were then added to each of the separate groups of cultures.
The tubes were incubated at 33° C. for 20 hours. In the case of the
semisolid specimen the procedure was slightly different. A very
generous portion (>8 of the contents purchased) was mixed well in
a tube of sterile broth and five drops of this mixture were added to
the individual strains of bacteria. The commercial bacteriophages
were designated A, B, C, and D. No. 4 was a phage prepared in
this laboratory. The results are expressed in the following table:
Strains of Staphylococci Bp. A Bp. B. Bp. C. Bp. D. Bp. No. 4
1 drop of (0.05 cc.) 5 drops 5 drops 5 drops 5 drops 5 drops
broth cultures
J. L. .............. turbid - - - 4 +
Bar --................_ 4 +
Lmn. - 4±
Bkt -..............-.._ 4 +
741 cc - _ - 4+
L. . -. - - 4 +
L. N -..............- - - _._ 4 +
80J............... - - - - -4.
Ait -c 4+ Ai .......................... +
Control Bacteriophage.. - _-.-.-
no evidence of lysis, tube as turbid as the control.
4 + = tubc perfectly clear, complete lysis, controls on the bacteriophage were
all sterile.
* Unless otherwise stated all media in this and subsequent experiments were
made with Savita.YALE JOURNAL OF BIOLOGY AND MEDICINE
It appears from these results that the samples of bacteriophage
purchased possessed no lytic action against any of the ten strains of
staphylococci used as test cultures. Bacteriophage No. 4, prepared
in this laboratory, previous to this test had been in contact with only
four of these strains, yet it was able to bring about complete lysis of
nine of the cultures.
Some time after this test had been completed our attention was
called to the fact that this semisolid bacteriophage was considered to
be highly polyvalent. Another sample was purchased and tested.
It was found that the growth of our strains of staphylococci were
inhibited when a loopful of this semisolid bacteriophage was added
to aslightly turbid emulsion of bacteria, but lysis took place with only
one. Furthermore, the bacteriophage could not be transmitted in
series, except with the one strain which was lysed. This suggested
that the general inhibiting action was not due to the presence of a
phage but to an added antiseptic. In order to detect it, if present,
the product was heated at 800 C., a temperature sufficient to destroy
the phage. The inhibitive action still persisted. This commercial
product was also tested on several bacteria other than staphylococci,
and these cultures were also inhibited. These tests give ample
proof that the inhibitive action was due to an antiseptic and that the
product contained a phage, acting on only one of our strains.
The production of a polyvalent bacteriophage in quantity for
clinical use maybe carried out in several ways. Our earlier attempts
to produce such a phage were by the use of a single flask of broth,
but did not always result in complete clearing of the medium, even
though all but one strain of bacteria used as inoculum had been
shown to be completely susceptible to the races of bacteriophage
used. The next series of experiments show quite clearly the reason
for some of our failures.
Five strains of staphylococci recently isolated from cases of
infection were tested for evidence of susceptibility to four races of
bacteriophage. In each case one drop of a fresh broth culture of
bacteria was added to a series of broth tubes. Five drops of each
race of phage were then added to each tube and incubated at 330 C.
for 24 hours. The following table sums up the results obtained.
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Strain of staphylococcus Bp Pyo. Bp. Sta. Bp. 741 Bp. Sch.
I drop (0.05 cc.) 5 drops 5 drops 5 drops 5 drops
broth cultures
Ly. ........ ......... turbid 4 + 4 + 4 + 4 +
Gre ..................
c 4 +
Bkt. ......... ........ C 4 + 4 + 4 + 4 +
Pk .. ...............
cc 4+ 4 + 4 + 4 +
Mkr.. . 4 + 4 + 4 + 4 +
Control Bacteriophage ...... ..................
4 + = complete clearing.
- = no lysis, turbid as bacterial control.
All of the tubes which showed complete clearing were filtered
through an LS Chamberland candle, making a single filtrate of the
four phages. This filtrate (No. 1) was then tested against the
individual strains, and some others, in order to determine whether
it still possessed a polyvalent action. Five drops of filtrate No. 1
were added to each of the tubes inoculated with fresh cultures of
staphylococci. The results are given in the next table.
Strain of Staphylococcus Filtrate No. I
I drop (0.05 cc.) 5 drops
broth culture
Ly .................................. turbid 4 +
Gre ................................... 2 +
Bkt ..................................
c 4 +
Pk. ..................................................
cc 4 +
Mkr. ................................................
cc 4 +
Bar . ................................................
cc 4 +
L. N . ............................................... CC 4+
L . G . .. ....... ......................................
CC 4+
Pk.4+~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
Control filtrate ............................ ........................
4 + = complete clearing.
2 + =evidence of less growth than bactcrial control.
The virulence of filtrate No. . was well marked for all of the
strains tested, with the exception of strain Gre. However, the fil-
trate did possess some action against this organism also. Therefore,
a flask of Savita broth containing about 800 cc. was inoculated with
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cocci. One drop of a fresh broth culture of each organism con-
stituted the inoculum. Three cubic centimeters of filtrate No. 1
were added to this bacterial mixture and the flask incubated at 330 C.
for 18 hours. Examination of the contents of the flask at this time
showed a distinct turbidity. Twenty cubic centimeters were removed
from the flask and filtered through an L5 Chamberland candle and
the filtrate (No. Ia) tested forlytic action against the thirteen strains
used as inoculum. The results are noted below.
Strains ofStaphylococcus
I drop (0.05 cc.)
Bass. ................................................................
J. L. .............................................................
Bar. ...............................................................
Gre. .............................................................
Ly..................................................................
Bkt. ................................................................
Pk. ..................................................................
Mkr. ..............................................................
Gill. ................................................................
Sch. ................................................................
741 ................................................................
L. N. ..............................................................
L. G. ..............................................................
broth cultures
turbid
cc
CC
cc
cc
cc
c
cc
cc
c
cc
c'
CC
Filtrate
No. la
4+
4+
4+
4+
4+
4+
4+
4+
4 + = complete clearing.
- tube turbid as control.
It appears from these results that filtrate No. 1a had lost its
lytic action against many of the strains which previously had been
shown to be susceptible to the action of filtrate No. 1. The original
filtrate (No. 1) was retested against these same organisms, and all
of the bacteria with the exception of strain Gre. were found to be
susceptible. Staphylococcus Gre. was not affected and had become
completely resistant. Another flask inoculated in the same man-
ner, except for the omission of strain Gre., was totally lysed, and
remained clear until it was filtered 72 hours later. This filtrate
produced clearing in all of the individual strains when it was tested
against them.
This observation brings out an important fact, namely, that the
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mixture containing susceptible organisms apparendy weakens the
bacteriophage to such an extent that susceptible strains may become
resistant to its action. Studies going on at present indicate that
some resistant strains of bacteria are able to absorb and even destroy
bacteriophage. This confirms some early experiments of d'Herelle
and others. The question of the absorption of bacteriophage is a
very interesting one and may account for the rapid disappearance
of bacteriophage in a preparation when all of the susceptible bacteria
have been exhausted. It may also be a cause of failure in cases
of infection with bacteriophage where there is some likelihood of
new infectious material entering an already infected area.
This shows the necessity when preparing polyvalent bacterio-
phage for clinical use, to make individual lysates against the several
strains of bacteria. In this manner a weak phage may be ruled out
and a common filtrate may be made from those bottles of culture
which are completely clear. A bacteriophage produced in this
fashion against 12 to 15 freshly isolated strains of staphylococci has
been found to be as polyvalent as is one prepared against 26 strains.
None of the bacteriophages prepared in this laboratory have been
able to lyse more than 90 per cent of the 64 strains of staphylococci
studied. Polyvalent bacteriophages that are repeatedly placed in
contact with laboratory cultures, while they possess ability to lyse
many strains, especially those used in their production, do not adapt
themselves as readily as do those phages which have frequent oppor-
tunity to develop against freshly isolated strains of bacteria.
A convenient method of testing a phage against many strains of
bacteria is the so-called "cross-test". It is an agar plate method and
allows one to test on a single plate as many as 21 strains of bacteria
for evidence of susceptibility to a bacteriophage. An agar plate is
marked into segments, and a loopful of a fresh broth culture of
each strain is streaked in a division. When the cultures have dried,
a tiny loopful (less than 1 mm. in diameter) of the bacteriophage is
placed on each of the cultures. The plates are incubated at 330 C.
for 18 hours. The results are recorded as follows:
4 + = bare area, no secondary colonies (complete lysis).
3 + =lysis with slight evidence of secondary growth.
2 + = lysis with many secondary colonies.
1 + = little evidence of lysis with secondary growth forming a film
over area where phage was placed. Film a little lighter than
original culture.
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Silhouette photographs of these tests may be prepared quite eas-
ily and the results kept as permanent records.
The results obtained by the use of the "cross test" are merely
indications of bacteriophagic activity. They do not express the true
value of abacteriophage, in other words, its ability to lyse completely
a broth culture.
The following experiment gives some indication of the limitation
of the "cross test" in interpreting actual results. Three races of
bacteriophage were tested for evidence of activity against 14 strains
of staphylococci.
Strain ofStaphylococcwu Pp. P7 Bp. Mix I Bp. Pyo.
Gill. ........... . 3 + 4 + 4 +
Sch ........................... 4 + 4 + 4 +
L. N ........................... 4+4+ 4+
741 ............. 4+ 4+ 4+
L. G ........................... 2 + 3 + 4 +
Bass. ........... . 4 + 4 + 4 +
Bkt . ......................... I + 4± 4+
Mkr ........................... 4 + 4 + 4 +
Pk ........................... 3 + 4 + 4 +
Lym.......................... 4 + 4 +
P. G ........................... 4+4+ 4+
J. L .. ......................... ? 3+ 4+
Bar ........................... 2+I + 4+
Barret .......... ................ 2 + 2+
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At the same time as the "cross test" was carried out, broth culture
tests were made with the same races of phage against the same
bacterial strains. The results of this test follow:
Bp. P7 Bp. Mix I Bp. Pyo.
Strains of staphylococcus S drops 5 drops S drops
1 drop (0.05 cc.)
6 hrs. 24 hrs. 6 hrs. 24 hrs. 6 hrs. 24 hrs.
broth cultures
Gill.............. turbid 4 +4 + . ......... .......... 4 + 4+
Sch .............
cc 4 + 4 + . ......... .......... 4 + 4 +
L. N ............. cc 4+ 4+ . ...... ..........4+ 4+
741 -.4±4.............
cc 4+. .......... .......... 4 + 4+
L. G - 4+.............. cc 4 . .......... .......... 4+ 4+
Bass. .............
cc
.......... .........._ 4+ 1+
Bkt .............
CC
.......... .......... 2+ 4. + 4+ 4+
M kr .............
CC
.......... .......... 1+ 4+ 4 + 4+
Pk.. ....................... c+ .......... ..........4+
Lym .............
cc
.......... .......... 1+ 4+ 4+ 1+
P.G ....................... .. 4 + 4 + 4 +
J.L............. 4.+ 4.+ 4+
Bar . .............
c
.......... .......... 4+ 4 + 4 + 4 +
Barret .............................. .......... ....... .. ..........
4 + = complete clearing.
2 + = definite evidence of less growth than bacterial control.
I + = less turbid than control.
- = turbid as bacterial control.
When one regards the results obtained by the use of the "cross
test" and compares them with those obtained by the broth culture
method the following differences may be observed. In the case of
Bacteriophage P7 all the cultures in the broth tubes were completely
lysed, whereas in the "cross test" two strains of staphylococci showed
evidence of secondary growth. Bacteriophage Mix 1 was also able
to effect complete lysis of all the strains of bacteria in the test-tube,
while on the agar plate three strains of staphylococci showed secon-
dary growth. The tests with the Pyo phage in the broth tubes
were quite different from those in the "cross test". Four strains of
bacteria in the broth tubes were able to resist the action of this phage,
while the same strains gave no evidence of such a resistance on the
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It is not possible at this time to give an adequate explanation for
these differences, but such factors as unequalness of adsorption of the
phage in the agar, as well as decided variability in the numbers of
bacteria in a streak on an agar plate may well play roles.
It has also been demonstrated that a bacteriophage prepared in
Savita broth and subjected to the "cross test" on extract agar gives
results quite different from those obtained on Savita agar. The
reverse is also true. Hence, in order to get a correct idea of the
potency of a bacteriophage it is considered advisable to test the phage
in the same medium in which it was prepared originally.
Every ampoule of phage which is made for clinical use is sub-
jected to a temperature of 56 to 57.5° C. for one hour on three con-
secutive days. Between the periods of heating, the ampoules are
incubated at 330 C. There is nodecreaseinthepotencyofabacterio-
phagetreated in this manner. Furthermore, we have never observed
any evidence of growth in the ampoules. Each ampoule is tested
for possible contamination by the use of the Tyndall effect.
Samples of the bacteriophage after the final heating are also inocu-
lated into an anaerobic medium and incubated at 330 C. for at least
one week.
This method of preparing bacteriophage for clinical use is com-
plicated, but it is one permitting the preparation of a strong poly-
valent phage which will keep its property for a long period of time
without the development of secondary growth. Bacteriophage pre-
pared in this manner does not require the addition of any antiseptic;
such an addition must be avoided because at present we know of no
antiseptic which does not destroy the phage after a certain lapse
of time.
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